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(57) ABSTRACT

The present disclosure discloses a method and an apparatus
for point cloud registration. The method 1ncludes: segment-
ing a source point cloud and a destination point cloud
respectively mto different categories of attribute features
based on semantic; segmenting the source point cloud and
the destination point cloud 1nto a plurality of grids based on
the attribute {features; calculating a current similarity
between the source point cloud and the destination point
cloud based on the plurality of grids; determining whether
the current similarity and a current iterative number satisiy
a preset condition; when the current similarity and the
current 1iterative number satisly the preset condition, per-
forming a registration on the source point cloud and the
destination point cloud to obtain a registered result; and
based on the registered result, adjusting a position of the
source point cloud, updating the current iterative number.

18 Claims, 4 Drawing Sheets
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METHOD AND APPARATUS FOR POINT
CLOUD REGISTRATION, AND COMPUTER
READABLE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s based upon and claims priority
to Chinese Patent Application No. 201910334541.0, filed on

Apr. 24, 2019, the contents of which are incorporated herein
by reference as if set forth in their entireties.

FIELD

The present disclosure relates to a field of unmanned
vehicle technologies, and more particularly to a method and
an apparatus for point cloud registration, and a computer
readable medium.

BACKGROUND

Point cloud registration refers to merging two pieces of
point clouds describing a same scene 1nto one piece of point
cloud data without ghosting and ofiset through rotation and
translation. In the production of a igh-precision map, due to
an error of a GPS (global positioning system) of an acqui-
sition vehicle, there are diflerent degrees of deviations
among data acquired in a plurality of trips. Theretore, the
point cloud registration 1s essential in a high-precision map.
In addition, the point cloud registration 1s also widely used
in a scene such as a 3D (three-dimensional) modeling, 3D
reconstruction.

Presently, main methods for point cloud registration
include the following.

1. An ICP (iterative closest point) method. In detail, for
cach point 1 a source point cloud (src), a point in a
destination point cloud (dst) closest to the point 1s searched.
A relative position between the point 1in the source point
cloud and the point 1n the destination point cloud 1s calcu-
lated. A moving direction between the source point cloud
and the destination point cloud 1s determined through
RANSAC (random sample consensus). The above proce-
dure 1s iterated until an 1terative termination condition 1s
satisfied. The computational efliciency of the ICP method 1s
slow, especially 1n the high-precision map where the number
of point clouds needing to be matched 1s 1n the tens of
millions or hundreds of millions, the efhiciency of the ICP
method seriously affected. Meanwhile, the ICP method itself
1s sensitive to data, while collected data will be interfered by
vehicles and pedestrians, which may aflect a final registered
result.

2. An ICP method based on features. In detail, features
(such as a line feature, a surface feature and some special
feature points) 1n two pieces point clouds are extracted
firstly. A nearest neighbor search method 1s used to match
the same features 1n the two pieces of point clouds. A relative
relationship of the matched features 1s established at the
same time. The two pieces of point clouds are moved based
on the relative relationship. The above procedure 1s iterated
until an 1terative termination condition is satisfied. The ICP
method based on features mainly focuses on the line feature
and the surface feature for performing the point cloud
registration. Although the registration efliciency meets the
requirement, there 1s a strict requirement for the scene. IT
there 1s no required feature in the point cloud, the registra-
tion may not be provided.
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3. Registration based on rasterized point cloud informa-
tion. In detail, rasterization 1s performed on the source point

cloud and the destination point cloud. Some statistic 1nfor-
mation of the point cloud in each grid obtained after the
rasterization 1s recorded, such as an average height of point
clouds, an average reflectance of point clouds, a height
variance ol pomt cloud, a reflectance variance of point
cloud, etc. The registration 1s performed based on the grids
under the guidance of the ICP 1dea. The registration based on
the rasterized point cloud information has a good registra-
tion effect. However, vehicles traveling on the ground will
cause interference, and there 1s a problem 1n a scene with
high similarity or reflectivity failure.

SUMMARY

For the above disadvantages, the present disclosure pro-
vides a method and an apparatus for point cloud registration,
and a computer readable medium.

Embodiments of the present disclosure provide a method
for point cloud registration. The method includes: segment-
ing a source point cloud into different categories of attribute
features based on semantic, and segmenting a destination
point cloud into different categories of the attribute features
based on semantic, the attribute features including a ground
feature and a non-ground feature; segmenting the source
point cloud and the destination point cloud into a plurality of
orids based on the attribute features; calculating a current
similarity between the source point cloud and the destination
point cloud based on the plurality of gnds; determiming
whether the current similarity and a current iterative number
satisly a preset condition; 1n response to determining that the
current similarity and the current iterative number satisiy the
preset condition, performing a registration on the source
point cloud and the destination point cloud to obtain a
registered result; and based on the registered result, adjust-
ing a position of the source point cloud, updating the current
iterative number, and calculating an updated similarity
between the destination point cloud and the source point
cloud after adjusting the position.

Embodiments of the present disclosure further provide an
apparatus for point cloud registration. The apparatus
includes: one or more processors; a memory storing instruc-
tions executable by the one or more processors; in which the
one or more processors are configured to: segment a source
point cloud into different categories of attribute features
based on semantic, and segment a destination point cloud
into different categories of the attribute features based on
semantic, the attribute features including a ground feature
and a non-ground feature; segment the source point cloud
and the destination point cloud into a plurality of grids based
on the attribute features; calculate a current similarity
between the source point cloud and the destination point
cloud based on the plurality of grids; determine whether the
current similarity and a current iterative number satisiy a
preset condition; perform a registration on the source point
cloud and the destination point cloud to obtain a registered
result in response to determining that the current similarity
and the current 1terative number satisiy the preset condition;
based on the registered result, adjust a position of the source
point cloud, update the current i1terative number, and calcu-
late an updated similarity between the destination point
cloud and the source point cloud after adjusting the position.

The present disclosure further provides a computer read-
able medium having a computer program stored thereon. A
method for point cloud registration 1s implemented when
being executed by the computer program, in which the
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method may include: segmenting a source point cloud into
different categories of attribute features based on semantic,
and segmenting a destination point cloud into different
categories of the attribute features based on semantic, the
attribute features comprising a ground feature and a non-
ground feature; segmenting the source point cloud and the
destination point cloud 1nto a plurality of grids based on the
attribute features; calculating a current similarity between
the source point cloud and the destination point cloud based
on the plurality of grids; determining whether the current
similarity and a current iterative number satisty a preset
condition; 1n response to determining that the current simi-
larity and the current iterative number satisty the preset
condition, performing a registration on the source point
cloud and the destination point cloud to obtain a registered
result; and based on the registered result, adjusting a position
of the source point cloud, updating the current iterative
number, and calculating an updated similarity between the
destination point cloud and the source point cloud after
adjusting the position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a flow chart of a method for point cloud
registration according to an embodiment of the present
disclosure.

FI1G. 2 1llustrates a flow chart of a method for point cloud
registration according to another embodiment of the present
disclosure.

FIG. 3 1llustrates a tlow chart of a registration procedure
according to an embodiment of the present disclosure.

FI1G. 4 1llustrates a flow chart of matching a first grid to
be matched with a second grid to be matched according to
an embodiment of the present disclosure.

FIG. 5 1llustrates a tflow chart of calculating a similarity
according to an embodiment of the present disclosure.

FIG. 6 1llustrates a block diagram of an apparatus for
point cloud registration according to an embodiment of the
present disclosure.

FIG. 7 1llustrates a block diagram of an apparatus for
point cloud registration according to another embodiment of
the present disclosure.

FIG. 8 1illustrates a block diagram of an apparatus for
point cloud registration according to an embodiment of the
present disclosure.

FI1G. 9 1llustrates a block diagram of a registration module
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

Exemplary embodiments will be described fully below
with reference to accompanying drawings. However, the
exemplary embodiments may be embodied in different
forms and should not be construed as a limitation of embodi-
ments described herein. On the contrary, these embodiments
are provided to enable the present disclosure thorough and
complete, and to enable the skilled in the art to fully
understand the scope of the present disclosure.

As used herein, terms “and/or” include any and all com-
binations of one or more related enumerated items.

Terms used herein are intended only to describe a specific
embodiment, and are not construed to limit the present
disclosure. As used herein, “a” and “the” 1n singular forms
mean including plural forms, unless clearly indicated 1n the
context otherwise. It should be further understood that, when
used 1n the specification, terms “comprising’” and/or “includ-
ing” specily the presence of stated features, entities, steps,
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4

operations, elements and/or components, but do not exclude
the presence or addition of one or more other features,
entities, steps, operations, elements, components and/or
groups thereof.

The embodiments described herein may be described with
reference to plan and/or cross-sectional schematic diagrams
by means of ideal schematic diagrams of the present dis-
closure. Therefore, the exemplary diagram may be modified
according to manufacturing techniques and/or tolerances.
Embodiments are not limited to the embodiments 1llustrated
in the accompanying drawings, but include modifications of
configurations formed based on manufacturing processes. A
region 1llustrated 1n the accompanying drawings has a
schematic attribute, and a shape of the region illustrated 1n
the accompanying drawings illustrates a specific shape of
the region of an element, but are not itended to limit
thereto.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by the skilled 1n the art. It should be
understood that, the term such as that defined 1n a commonly
used dictionary should be interpreted as having a meaning
consistent with 1ts meaning in the context of the related art
and the present disclosure, and will not be interpreted as
having an i1dealized or overly formal meaning unless explic-
itly defined herein.

Presently, an average recall rate of point clouds based on
semantic segmentation 1s about 95%. The present disclosure
provides a method for point cloud registration 1n combina-
tion with a method for performing semantic segmentation on
a point cloud and a method for performing rasterization on
the point cloud, and pointedly provides a matching strategy
and a similarity evaluation strategy.

An embodiment of the present disclosure provides a
method for point cloud registration. Detailed description
will be made below to the method for the point cloud
registration with reference to FIG. 1. As illustrated 1n FIG.
1, the method includes the following.

At block S11, a source point cloud 1s segmented into
different categories of attribute features based on semantic,
and a destination point cloud 1s segmented into different
categories of the attribute features based on semantic.

In detail, the attribute features include a ground feature
and a non-ground feature. Categories of the ground feature
may include ground, a lane line, etc. Categories of the
non-ground feature may include a guardrail, a curb, a
signpost, a rod-shaped object, a viaduct, etc.

The actions at this block are used for semantic segmen-
tation. The detailed implementation for distinguishing the
attribute features of the point cloud based on the semantic
according to the categories belongs to the related art, which
1s not elaborated herein.

At block 512, the source point cloud and the destination
point cloud are segmented 1nto a plurality of grids based on
the attribute features.

The turther away the point clouds, the rarer and sparser
the point clouds. Therefore, in embodiments of the present
disclosure, a specified grid size 1s 60 m*60 m. The point
cloud may include noise interference from a car, a pedestrian
and the like. Therefore, in order to ensure the accuracy for
point cloud registration, a point cloud of the noise may not
be placed 1n the grid during performing the rasterization on
the point cloud.

Content of each grid 1s defined as follows:

cell{

cell.base box info

cell.ground_box_info
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cell.barrier info

;

where box_info may include parameters of the attribute
feature, such as a length, a width, a height, an average
height, an average retlectivity and the like.

Each grid may include one or more attribute features (1.¢.,
a box). It should be noted that, when an actual area of points
in the point cloud 1s less than 50% of an area of the gnd, a
size of the attribute feature corresponding to the points 1s
subject to the actual area, and the value of box_info needs
to be modified accordingly. For example, when one grid
includes three categories of attribute features, such as a
guardrail, a ground and a light pole, and the size of the grnid
1s 3 m*3 m, the guardrail 1s taken as a box, the ground 1is
taken as a box, and the light pole 1s taken as a box. When an
area ol points of the light pole 1n the point cloud 15 0.5 m™0.5
m, an area of points of the ground 1n the point cloud 1s 3 m*3
m, and an area of points of the guardrail i the point cloud
1s 3 m*0.5 m, the size of the box of the light pole and the size
of the box of the guardrail are adjusted to the actual size.

The actions at this block are to perform rasterization on
the point cloud. The detailed implementation for performing,
the rasterization on the point cloud 1s the same as that in the
related art, which 1s not elaborated herein.

At block S13, a current similarity between the source
point cloud and the destination point cloud 1s calculated
based on the plurality of grids.

In detail, the current similarity between the source point
cloud and the destination point cloud may be calculated
based on attribute features of the plurality of gnds. A
procedure for calculating the current similarity between the
source point cloud and the destination point cloud will be
described with reference to FIG. 5.

At block S14, it 1s determined whether the current simi-
larity and a current iterative number satisty a preset condi-
tion. When 1t 1s determined that the current similarity and the
current iterative number satisty the preset condition, actions
at block S15 are executed.

In detail, when the current similarity and a current itera-
tive number satisty the preset condition, a current relative
position of the source point cloud and the destination point
cloud meets a requirement. An operation for the point cloud
registration may further be proceeded (that 1s, executing
actions at block S15 and subsequent actions).

The procedure for determining whether the current simi-
larity and the current iterative number satisty the preset
condition will be described 1n detail below with reference to
FIG. 2.

At block S15, a registration 1s performed on the source
point cloud and the destination point cloud to obtain a
registered result.

In detail, the registered result includes a displacement to
be moved. In other words, the displacement to be moved of
the source point cloud may be calculated through the actions
at the block.

A detailed procedure for performing the registration on
the source point cloud and the destination point cloud will be
described 1n detail below with reference to FIG. 3.

At block S16, based on the registered result, a position of
the source point cloud 1s adjusted, and the current iterative
number 1s updated.

In detail, the position of the source point cloud 1s moved
according to the displacement to be moved, the current
iteration 1s end, and 1 1s added to the current iterative
number. By setting an upper limitation of the iterative
number to a reasonable value, the iteration procedure may be

10

15

20

25

30

35

40

45

50

55

60

65

6

optimized, and the calculation efliciency and the accuracy
are also improved. Preferably, the upper limitation of the
iterative number may be set to 0.

It should be noted that, the procedure for the point cloud
registration 1s the iteration procedure. The actions at this
block are completed, and the iteration procedure 1s com-
pleted for one time. Then actions at block S13 are returned
to, the actions for calculating the current similarity between
the definition point cloud and the source point cloud after
moving the position are executed again, the actions for
determining whether the current similarity and the current
iterative number satisiy the preset condition are executed
again, and the actions for a next iteration are executed.

It may be seen from the actions at blocks S11-S16 that,
with the present disclosure, semantic segmentation and
rasterization are combined to be performed on the point
cloud, more abundant feature information except the height
and the reflectivity 1n the point cloud i1s provided due to
diversity of the attribute features of the point cloud, and
different registration solution may be employed for different
attribute features, thereby improving the matching accuracy.
On the one hand, taking the attribute feature as the basis of
registration may also improve the matching accuracy for
some strong feature scenes with less point cloud data. On the
other hand, semantic segmentation may also remove noise
matching the intertference from the vehicle, the pedestrian
and the like, further improving the matching accuracy. For
a scene with a large error (greater than 5 m) of collected data,
the effect of the point cloud registration 1s particularly
obvious by employing the solution of embodiments of the
present disclosure.

The procedure for determining whether the current simi-
larity and the current iterative number satisty the preset
condition will be described in detail below with reference to
FIG. 1 and FIG. 2. As 1llustrated 1n FIG. 1 and FIG. 2, after
the actions at block S13 are executed, the actions for
determining whether the current similarity and the current
iterative number satisiy the preset condition are executed.
The actions include the following.

At block S21, the current similarity 1s compared with a
first preset threshold, and the current iterative number 1s
compared with a second preset threshold. Actions at block
S22 are executed when the current similarity 1s smaller than
or equal to the first threshold, and the current iterative
number 1s less than the second threshold.

In detail, when 1t 1s determined that the current similarity
1s smaller than or equal to the first threshold, and the current
iterative number 1s smaller than the second threshold, the
current similarity does not satisty the requirement. That is,
a current location of the source point cloud 1s not optimal,
there 1s a need to continue to adjust the position of the source
point cloud, and the upper limitation of the iteration number
1s not reached. Therefore, the current similarity 1s further
compared with a previously calculated similarity (that 1s, the
actions at block S22 are executed).

At block S22, the current similarity 1s compared with the
previously calculated similarity. When the current similarity
1s greater than the previously calculated similarity, actions at
block S15 are executed. When the current similarity 1s
smaller than or equal to the previously calculated similarity,
actions at block S23 are executed.

In detail, when 1t 1s determined that the current similarity
1s greater than the previously calculated similarity, the
current similarity satisfies the preset condition. In other
words, although the current similarity does not reach the
requirement (that 1s, the current similarity 1s not greater than
the first threshold), the current similarity 1s improved com-
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paring with the previously calculated similarity. Therefore,
the procedure for the point cloud registration may be con-
tinued (that 1s, actions at block S15 and subsequent actions
are executed).

When 1t 1s determined that the current similarity 1s less
than or equal to the previously calculated similanty, a
previously adjustment for the position of the source point
cloud is not reasonable, thereby causing a greater diflerence
between the destination point cloud and the source point
cloud after moving. Under this condition, a position of the
source point cloud needs to be set back, a grid to be matched
1s selected from the source point cloud, such that the
registration 1s performed on the source point cloud and the
destination point cloud again (that 1s, actions at block S15
and subsequent actions are executed).

At block S23, the position of the source point cloud 1s set
back.

It may be seen from actions at block S21-S23 that, by
setting the preset condition, 1t 1s determined whether the
current similarity satisfies the requirement and whether the
current iterative number reaches the upper limitation. When
the current similarity does not satisfy the requirement and
the current iterative number does not reach the upper limi-
tation, 1t 1s determined whether the current similarity 1s
improved comparing with the previously adjustment for the
position of the source point cloud. When the previously
calculated similarity between the source point cloud and the
destination point cloud 1s improved after the previously
adjustment for the position of the source point cloud, it
means that the previously adjustment for the position of the
source point cloud i1s corrected, and the point cloud regis-
tration may further be performed, such that the position of
the source point cloud 1s further adjusted. If the similarity 1s
decreased aiter the previously adjustment for the position of
the source point cloud, the previously adjustment for the
position of the source point cloud 1s wrong. Therefore, the
position of the source point cloud is set back, and the point
cloud registration 1s re-executed, such that the position of the
source point cloud 1s readjusted, thereby ensuring the accu-
racy of the subsequent adjustment for the position of the
source point cloud.

Further, as illustrated 1n FIG. 1 and FIG. 2, the method
turther includes the following.

At block 521, when the current similarity 1s greater than
the first threshold, or the current iterative number 1s greater
than or equal to the second threshold, the action at block S24
1s executed.

At block 524, a grid size of each of the plurality of grids
1s decreased according to a preset convergence step size.

At block S25, 1t 1s determined whether the decreased grid
s1ze 1s greater than a third preset threshold. In response to
determining that the decreased grid size 1s greater than the
third preset threshold, actions at block S12 are executed.
Otherwise, the procedure 1s end.

The third threshold 1s a minimum grid size. When the
decreased grid size 1s greater than the third threshold, the
decreased gnid size 1s not the minimum grid size. Then
rasterization may be performed again according to the
decreased grid size, and similarity determination and point
cloud registration may be performed again (that 1s, actions
at block S12 and subsequent actions of the actions at block
S12 are executed). In detail, at block 512, based on the
decreased gnid size, the source point cloud and the destina-
tion point cloud are segmented into a plurality of grids
according to the attribute features.

When the decreased grid size 1s smaller than or equal to
the third threshold, the decreased grid size 1s smaller than the
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minimum grid size. At this time, either the current similarity
reaches the requirement (1.e., the current stmilarity 1s greater
than the first threshold), or the iterative number reaches the
upper limitation before the grid 1s decreased. In this case, 1n
order to save computational power, the procedure directly
ends.

It may be seen from actions at block S24-S25 that, with
the present disclosure, coarse registration 1s performed by
using a larger grid firstly, and then the grid size 1s gradually
decreased {for performmg a finer registration, thereby
improving the etliciency of the point cloud registration.

A procedure for performing the registration on the source
point cloud and the destination point cloud will be described
in detail below with reference to FIG. 3. As illustrated 1n
FIG. 3, the procedure for performing the registration on the
source point cloud and the destination point cloud includes
the following.

At block 831, a first grid to be matched is selected from
the source point cloud based on the attribute feathers.

In detail, the point cloud includes a plurality of categories
of ground features and non-ground features, and the solution
for the point cloud registration in the present disclosure 1s
performed based on the category of the attribute feature.
Therefore, there 1s a need to select the category of the
attribute feature to be matched at this block.

Preferably, the first grid to be matched may be selected
from the source point cloud according to a preset attribute
feature priority. An order of attribute feature priorities from
high to low 1s: a grid including the ground feature and all the
non-ground features, a grid including the ground feature and
the guardrail feature, and a grid including the ground feature
and the brand-pole feature. Based on the order of the
attribute feature priorities, the grid to be matched 1s selected,
which may reduce the matching difliculty and improve the
matching efliciency.

At block S32, a second grid to be matched 1s determined
from the destination point cloud according to an attribute
teather of the first grid to be matched.

When the first grid to be matched includes the ground
teature only, grids are selected from the destination point
cloud, and a distance between each grid selected and the first
orid to be matched 1s smaller than a preset fourth threshold
value. A matching degree between each grid selected and the
first grid to be matched 1s calculated. A grid with the highest
matching degree 1s selected as the second gnd to be
matched.

In detail, when the first grid to be matched only 1ncludes
the ground feature only and does not include the non-ground
teature, the matching degree S, 1s calculated by a formula of:

(1)

(Ty)”

2
Sh' = £ ﬂhl‘hf‘ .
where, h_ represents an average height of respective

ground features 1n the first grid to be matched 1n the source
point cloud, h, represents an average height of respective
ground features 1 a set of grids in the destination point
cloud, 1n which a distance between each of the set of grids
and the first grid to be registered 1s smaller than the fourth
preset threshold, and Ah,, . represents a preset value.

In other words, for each first grid to be matched 1n the
source point cloud, grids are selected from the destination
point cloud, and the distance between each selected grid and
the first grid to be matched 1s smaller than the preset fourth
threshold value (for example, the fourth threshold value may
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be set as 50 m). The matching degree S, between each
selected grid and the first grid to be matched is calculated
based on the formula (1), and a grid with the highest
matching degree S, 1s determined as the second grid to be
matched in the destination point cloud.

When the first grid to be matched comprises the non-
ground feature only, or the first grid to be matched includes
the ground feature and the non-ground feature, grids are
selected from the destination point cloud, in which an
attribute feature of each selected grid 1s the same as the
attribute feature of the first gird to be matched, and a
distance between the selected grid and the first grid to be
matched 1s smaller than the fourth preset threshold, a match-
ing degree between each selected grid and the first grid to be
matched 1s calculated, and a grid with the highest matching,
degree 1s selected as the second grid to be matched.

In detail, when the first grid to be matched 1n the target
source point includes the non-ground feature only and does
not include the ground feature, the matching degree S, 1s
calculated by a formula of:

(2)

5xg? O57g)° (s-Fg)”

2 2 2
mﬁzr ﬂyrhr ﬂhrhr .

Sf=€

where X_ represents an average value of x-axis coordinate
values of respective non-ground features 1n the first grid to
be matched, X, represents an average value of x-axis coor-
dinate values of respective non-ground features in a set of
orids 1n the destination point cloud, in which a distance
between each of the set of grids and the first grid to be
matched is smaller than the fourth preset threshold, y.
represents an average value of y-axis coordinate values of
respective non-ground features in the first grid to be
matched, y , represents an average value of y-axis coordinate
values of respective non-ground features 1n a set of grids in
the destination point cloud, in which a distance between
cach of the set of grids and the first grid to be matched 1s
smaller than the fourth preset threshold, h_ represents an
average height of respective ground features in the first grid
to be matched in the source point cloud, h, represents an
average height of respective ground features 1n a set of grids
in the target point cloud, in which a distance between each
of the set of grids and the first grid to be matched 1s smaller
than the fourth preset threshold, and Ax,, , Ay,  and Ah,
represent preset values.

It should be noted that, the x-axis coordinate values and
the y-axis coordinate values may be longitude and latitude
values, or coordinate values under a universal transverse
Mercator (UTM) grid system, or coordinate values under a
(Gaussian coordinate system.

In other words, for each first grid to be matched in the
source point cloud, the grids are selected from the destina-
tion point cloud, in which, the attribute feature of each
selected grid 1s the same as the attribute feature of the first
gird to be matched, and the distance between the selected
orid and the first grid to be registered 1s smaller than the
fourth preset threshold (for example, the fourth threshold
value may be set as 50 m). The matching degree S, between
cach selected grnid and the first grid to be matched 1is
calculated based on the formula (2), and a grid with the
highest matching degree S.1s determined as the second grid
to be matched in the destination point cloud. It should be
noted that, the matching degree S, should be greater than O
and smaller than 1. When S <8, , S =-1. In this way, when
the grid with the highest matching degree S, is selected, the
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grid with the matching degree S, 1s not selected. S, 1s a
preset value, and optimal selection value 1s 0.73.

When the first grid to be matched includes the ground
teature and the non-ground feature, the matching degree S,
1s calculated by a formula of:

B TRg mg? syg (R (3)
hZ
thr

th :Sh-l-Sf:E:'

In other words, for the ground feature, the matching
degree S, 1s calculated based on the formula (1). For the
non-ground feature, the matching degree S, is calculated
based on the formula (2). Then a sum of the matching
degrees of all attribute features 1n the first grid to be matched
is calculated, to obtain the matching degree S, ot the first
orid to be matched.

At block S33, the first grid to be matched 1s matched with
the second grid to be matched.

In detail, a procedure for matching the first grid to be
matched with the second grid to be matched will be
described 1n detail below with reference to FIG. 4.

As 1llustrated in FIG. 4, the procedure for matching the
first grid to be matched with the second grid to be matched
includes the following.

At block 541, a relative position between the second grid
to be matched and the first grid to be matched 1s calculated.

In detail, when the first grid to be matched and the second
orid to be matched include the ground feature, and does not
include the non-ground feature, a relative position between
the second grid to be matched and the first grid to be
matched 1s Az, and Az=(h-h ).

When the first grid to be matched and the second grid to
be matched include the non-ground feature, and does not
include the ground feature, a relative position between the
second grid to be matched and the first grid to be matched

is Ad, and Ad=(P, *"-P, #%adot (v). P, " the posi-
tion of the source point cloud, which may be represented by

x.and y. P, 7]

1s the position of the destination point

hoprz
L

cloud, which may be represented by x , and y,. v is a main
direction of horizontal movement. For a planar attribute
feature (e.g., a brand, etc.), v 1s a normal direction of a
normal vector. For a linear attribute feature (e.g., a guardrail,

1

a curb, a pole, etc.), v 1s a direction perpendicular to a
direction of the linear attribute feature.

When the first grid to be matched and the second grid to
be matched include the ground feature and the non-ground
feature, a relative position between the second grid to be
matched and the first grid to be matched 1s Ap, and Ap=Az+
Ad.

At block S42, the displacement to be moved of the source
point cloud 1s calculated according to the relative position,
a matching degree corresponding to the second grid to be
matched and a residual error equation.

In detail, the relative position between the second gnid to
be matched and the first grid to be matched and the matching
degree corresponding to the second grid to be matched are
substituted into the residual error equation, thus an optimal
solution of the residual error equation 1s obtained as the
displacement to be moved of the source point cloud. The
residual error equation may be selected from a residual error
equation in the related art, which 1s not elaborated herein.

It may be seen from actions at blocks S41-542 that, with
embodiments of the present disclosure, the registration on
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the source point cloud and the destination point cloud 1s
implemented based on the attribute feature of each gnid of
the plurality of grids. The registration for the ground features
1s mainly to adjust the height, while the registration for the
non-ground features 1s mainly to adjust the horizontal posi-
tion.

A procedure for calculating the current similarity between
the source point cloud and the destination point cloud will be
described 1in detail below with reference to FIG. 5. As
illustrated in FIG. S, the procedure includes the following.

At block S51, for each grid in the source point cloud, a
orid closest the grid in the source point cloud i1s selected
from the destination point cloud.

At block S52, the current similarity between the source
point cloud and the destination point cloud 1s calculated
according to an attribute feature of each grid in the source
point cloud.

In detail, when the grid in the source point cloud includes
the ground feature only, and does not include the non-ground
teature, the similarity of the grid may be calculated based on
the formula (1), which 1s not elaborated herein.

When the grid in the source point cloud includes the
non-ground feature only, and does not include the ground
teature, the similarity of the grid may be calculated based on
the formula (2), which 1s not elaborated herein.

When the grid in the source point cloud includes the
non-ground feature and the ground feature, the similarity of
the grid may be calculated based on the formula (3), which
1s not elaborated herein.

After the similarity of each grid 1s obtained, similarities of
all grids 1n the point cloud are synthesized to obtain the
similarity between the source point cloud and the destination
point cloud. For example, the similarity between the source
point cloud and the destination point cloud may be obtained
by calculating the average value of the similarities of all
or1ds.

Based on the same technical concept, embodiments of the
present disclosure further provide an apparatus for point
cloud registration. As illustrated 1n FIG. 6, the apparatus
includes: a semantic segmentation module 61, a rasterizing
module 62, a similarity calculating module 63, a determin-
ing module 64, a registration module 65, and a position
updating module 66.

The semantic segmentation module 61 1s configured to
segment a source point cloud into different categories of
attribute features based on semantic, and to segment a
destination point cloud into different categories of the attri-
bute features based on semantic, the attribute {features
including a ground feature and a non-ground feature.

The rasterizing module 62 1s configured to segment the
source point cloud and the destination point cloud into a
plurality of grids based on the attribute features.

The similarity calculating module 63 i1s configured to
calculate a current similarity between the source point cloud
and the destination point cloud based on the plurality of
or1ds.

The determining module 64 1s configured to determine
whether the current similarity and a current iterative number
satisty a preset condition.

The registration module 65 1s configured to perform a
registration on the source point cloud and the destination
point cloud to obtain a registered result when the determin-
ing module 64 determines that the current similarity and the
current iterative number satisty the preset condition.

The position updating module 66 1s configured to: based
on the registered result, adjust a position of the source point
cloud, update the current iterative number, and calculate an
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updated similarity between the destination point cloud and
the source point cloud after adjusting the position.

Preferably, the determining module 64 1s configured to
compare the current similarity with a first preset threshold,
and to compare the current iterative number with a second
preset threshold; and to compare the current similarity with
a previously calculated similarity when the determining
module determines that the current similarity 1s smaller than
or equal to the first threshold, and the current iterative
number 1s smaller than the second threshold.

The preset condition 1includes: the current similarity being
greater than the previously calculated similarity.

In another embodiment of the present disclosure, as
illustrated 1n FIG. 7, the apparatus further includes a roll-
back module 67. The rollback module 67 1s configured to set
back the position of the source point cloud when the
determining module 64 determines that the current similarity
1s smaller than or equal to the previously calculated simi-
larity.

The registration module 65 1s configured to register the
source point cloud and the destination point cloud after the
rollback module 67 sets back the position of the source point
cloud.

In another embodiment of the present disclosure, as
illustrated 1n FIG. 8, the apparatus further includes a grid
s1ze processing module 69. The grid size processing module
69 1s configured to decrease a grid size of each of the
plurality of grids according to a preset convergence step size
when the determining module 64 determines that the current
similarity 1s greater than the first threshold, or that the
current 1terative number 1s greater than or equal to the
second threshold.

The determining module 64 1s further configured to
determine whether the grid size decreased 1s greater than a
third preset threshold after the grid size processing module
69 decreases the grid size of each of the plurality of grids
according to the preset convergence step size.

The registration module 62 1s further configured to, after
the grid size processing module 69 determines that the grid
size decreased 1s greater than the third preset threshold,
based on the grid size decreased, segment the source point
cloud and the destination point cloud into a plurality of grids
according to the attribute features.

Preferably, the similarity calculating module 63 1s con-
figured to calculate the current similarity between the source
point cloud and the destination point cloud based on the
attribute features of the plurality of grids.

Preferably, the similarity calculating module 63 1s con-
figured to: for each grid 1n the source point cloud, select a
orid closest the grid in the source point cloud from the
destination point cloud; and calculate the current similarity
between the source point cloud and the destination point
cloud according to an attribute feature of each grid in the
source point cloud.

As 1illustrated 1n FIG. 9, preferably, the registration mod-
ule 65 includes a selecting unit 631, a determining unit 652
and a matching unit 653.

The selecting unit 651 1s configured to select a first grid
to be matched from the source point cloud based on the
attribute features.

The determining unit 632 1s configured to determine a
second grid to be matched from the destination point cloud
according to an attribute feature of the first grid to be
matched.

The matching unit 633 1s configured to match the first grid

to be matched with the second grid to be matched.
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Preferably, the determining unit 652 1s configured to:
when the first grid to be matched includes the ground feature
only, select grids from the destination point cloud, a distance
between each grid selected and the first grid to be matched
being smaller than a preset fourth threshold value, calculate
a matching degree between each grid selected and the first
orid to be matched, and select a grid with the highest
matching degree as the second grid to be matched; and when
the first grid to be matched includes the non-ground feature
only, or the first grid to be matched includes the ground
feature and the non-ground feature, select grids from the
destination point cloud, an attribute feature of each gnid
selected being the same as the attribute feature of the first
gird to be matched, and a distance between the grid selected
and the first grid to be matched being smaller than the fourth
preset threshold, calculate a matching degree between each
orid selected and the first grid to be matched, and select a
orid with the highest matching degree as the second grid to
be matched.

Preferably, the determining unit 652 1s configured to:
when the first grid to be matched includes the ground feature
only, calculate the matching degree by a formula of:

(R (1)
Sh = £ ﬂh?hf" .
where, h_ represents an average height of respective

ground features in the first grid to be matched 1n the source
point cloud, h, represents an average height of respective
ground features 1 a set of grids in the destination point
cloud, 1n which a distance between each of the set of grids
and the first grid to be registered 1s smaller than the fourth
preset threshold, and Ah,,  represents a preset value;

when the first grid to be matched includes the non-ground
teature only, calculate the matching degree by a formula of:

(2)

(Gx? 5-yg)?  (hhg)

2 2 2
mﬁzr ﬂyrhr ﬂhrhr .

Sf=€

where, X_represents an average value of x-axis coordinate
values of respective non-ground features 1n the first grid to
be matched, X, represents an average value of x-axis coor-
dinate values of respective non-ground features in a set of
orids 1n the destination point cloud, in which a distance
between each of the set of grids and the first grid to be
matched is smaller than the fourth preset threshold, y.
represents an average value of y-axis coordinate values of
respective non-ground features in the first grid to be
matched, vy, represents an average value of y-axis coordinate
values of respective non-ground features 1n a set of grids in
the destination point cloud, in which a distance between
cach of the set of grids and the first grid to be matched 1s
smaller than the fourth preset threshold, h, represents an
average height of respective ground features 1n the first grid

to be matched in the source point cloud, h, represents an
average height of respective ground features 1n a set of grids
in the target point cloud, in which a distance between each
of the set of grids and the first grid to be matched 1s smaller
than the fourth preset threshold, and Ax,, , Ay, and Ah,,
represent preset values; and
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when the first grid to be registered includes the ground
feature and the non-ground feature, calculate the matching
degree by a formula of:

(3).

Preferably, the registered result includes: a displacement
to be moved. The matching unit 1s configured to calculate a
relative position between the second grid to be matched and
the first grid to be matched; and to calculate the displace-
ment to be moved of the source point cloud according to the
relative position, a matching degree corresponding to the
second grid to be matched and a residual error equation.

The present disclosure further provides a server. The
server includes one or more processors; and a storage device
having one or more programs stored thereon. When the one
or more programs are executed by the one or more proces-
sors, the one or more processors are caused to implement the
method for point cloud registration described above.

The present disclosure further provides a computer read-
able medium having a computer program stored thereon.
The method for point cloud registration described above 1s
implemented when being executed by the computer pro-
gram.

It should be understood by the skilled in the art that, all
or some of the steps 1n the method disclosed above, and
functional modules/units 1n the apparatus may be imple-
mented as software, firmware, hardware, and appropriate
combinations thereof. In a hardware implementation, the
division among the functional modules/units mentioned
above does not necessarily correspond to the division of
physical components. For example, one physical component
may have a plurality of functions, or one function or step
may be performed by several physical components 1n coop-
cration. Some or all of the physical components may be
implemented as software executed by a processor, such as a
central processing umt, a digital signal processor, or a
microprocessor, or as hardware, or as an integrated circuit,
such as a specific itegrated circuit. Such software may be
distributed on computer readable media, which may include
computer storage media (or non-transitory media) and com-
munication media (or transitory media). As 1s well known to
the skilled 1n the art, the term “computer storage medium™
includes volatile and nonvolatile, removable and non-re-
movable media implemented 1n any method or technology
for storing information (such as computer readable mstruc-
tions, data structures, program modules or other data). The
computer storage media includes, but 1s not limited to, a
RAM (random access memory), a ROM (read only
memory ), an EEPROM (electrically erasable programmable
read-only memory), a flash memory or other memory tech-
nologies, a CD-ROM (compact disc read only memory), a
DVD (digital versatile disk) or other optical disk storage, a
magnetic cassette, a magnetic tape, a magnetic disk storage
or other magnetic storage devices, or any other media that
may be used to store desired information and may be
accessed by a computer. Furthermore, 1t 1s well known to the
skilled 1n the art that, the communication media generally
includes computer readable instructions, a data structure,
program modules, or other data in a modulated data signal
such as a carrier wave or other transmission mechanism, and
may include any information delivery medium.

Although exemplary embodiments disclosed by the pres-
ent disclosure employ specific terms are, the specific terms
should only be interpreted as a generic and descriptive sense
and not for purposes of limitation. In some embodiments, 1t
1s apparent to the skilled in the art that, unless explicitly
stated otherwise, the features, characteristics, and/or ele-
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ments described in connection with a particular embodiment
may be used alone, the features, characteristics, and/or
clements described 1n connection with other embodiment
may be used 1n combination with other embodiments. There-
fore, 1t should be understood by the skilled 1n the art that
various changes in form and details may be made without
departing from the scope of the present disclosure in the
appended claims.

What 1s claimed 1s:

1. A method for point cloud registration, comprising:

segmenting a source point cloud into different categories

of attribute features based on semantic, and segmenting
a destination point cloud 1nto different categories of the
attribute features based on semantic, the attribute fea-
tures comprising a ground feature and a non-ground
feature;

segmenting the source point cloud and the destination

pomnt cloud mnto a plurality of grids based on the
attribute features;

calculating a current similarity between the source point

cloud and the destination point cloud based on the
plurality of gnids;

determining whether the current similarity and a current

iterative number satisiy a preset condition;

in response to determining that the current similarity and

the current iterative number satisiy the preset condi-
tion, performing a registration on the source point
cloud and the destination point cloud to obtain a
registered result; and

based on the registered result, adjusting a position of the

source point cloud, updating the current 1terative num-
ber, and calculating an updated similarity between the
destination point cloud and the source point cloud after
adjusting the position.

2. The method of claim 1, wherein determining whether
the current similarity and the current iterative number satisiy
the preset condition comprises:

comparing the current similarity with a first preset thresh-

old, and comparing the current i1terative number with a
second preset threshold; and

comparing the current similarity with a previously calcu-

lated similarity when the current similarity 1s smaller
than or equal to the first threshold, and the current
iterative number 1s smaller than the second threshold;
and

wherein the preset condition comprises: the current simi-

larity being greater than the previously calculated simi-
larity.

3. The method of claim 2, turther comprising;:

when the current similarity 1s greater than the first thresh-

old, or the current iterative number 1s greater than or
equal to the second threshold, decreasing a grid size of
cach of the plurality of grids according to a preset
convergence step size;

determining whether the grid size decreased i1s greater

than a third preset threshold; and

in response to determining that the grid size decreased 1s

greater than the third preset threshold, based on the grid
s1ize decreased, segmenting the source point cloud and
the destination point cloud into a plurality of grids
according to the attribute features.

4. The method of claim 1, further comprising;:

when the current similarity 1s smaller than or equal to the

previously calculated similarity, setting back the posi-
tion of the source point cloud, and performing the
registration on the source point cloud and the destina-
tion point cloud.
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5. The method of claim 1, wherein calculating the current
similarity between the source point cloud and the destination
point cloud based on the plurality of grids comprises:

calculating the current similarity between the source point

cloud and the destination point cloud based on the
attribute features of the plurality of grids.

6. The method of claim 5, wherein calculating the current
similarity between the source point cloud and the destination
point cloud based on the attribute features of the plurality of
orids comprises:

for each grid in the source point cloud, selecting a gnd

closest the grid 1n the source point cloud from the
destination point cloud; and

calculating the current similarity between the source point

cloud and the destination point cloud according to an
attribute feature of each grid 1n the source point cloud.

7. The method of claim 1, wherein performing the regis-
tration on the source point cloud and the destination point
cloud to obtain the registered result comprises:

selecting a first grid to be matched from the source point

cloud based on the attribute features;

determining a second grid to be matched from the desti-

nation point cloud according to an attribute feature of
the first grid to be matched; and

matching the first grid to be matched with the second grid

to be matched.

8. The method of claim 7, wherein determining the second
orid to be matched 1n the destination point cloud according
to the attribute feature of the first gnd to be matched
COmMprises:

when the first grid to be matched comprises the ground

feature only, selecting grids from the destination point
cloud, a distance between each grid selected and the
first grid to be matched being smaller than a preset
fourth threshold value, calculating a matching degree
between each grid selected and the first grid to be
matched, and selecting a grid with the highest matching
degree as the second grid to be matched; and

when the first grid to be matched comprises the non-

ground feature only, or the first grid to be matched
comprises the ground feature and the non-ground fea-
ture, selecting grids from the destination point cloud, an
attribute feature of each grid selected being the same as
the attribute feature of the first gird to be matched, and
a distance between the grid selected and the first grid to
be matched being smaller than the fourth preset thresh-
old, calculating a matching degree between each grnid
selected and the first grid to be matched, and selecting,
a grid with the highest matching degree as the second
orid to be matched.

9. The method of claim 8, wherein when the first grnid to
be matched comprises the ground feature only, calculating
the matching degree by a formula of:

s hp)” (1)
2
Sh' = £ ﬂhfhf' .
where, h. represents an average height of respective

ground features in the first grid to be matched 1n the
source point cloud, h, represents an average height of
respective ground features 1 a set of grids in the
destination point cloud, 1n which a distance between
cach of the set of grids and the first grid to be registered
1s smaller than the fourth preset threshold, and Ah,
represents a preset value;
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when the first grid to be matched comprises the non-
ground feature only, calculating the matching degree by
a formula of:

(5x7)° (577 (Fs—@z (2)

2 2 2
ﬂ“xrhr ﬂyrhr ﬂhrhr .

Sf=€

where, X, represents an average value of x-axis coordinate
values of respective non-ground features in the first
grid to be matched, X ; represents an average value of
x-ax1s coordinate values of respective non-ground fea-
tures 1n a set of grids 1n the destination point cloud, in
which a distance between each of the set of grids and
the first grid to be matched i1s smaller than the fourth
preset threshold, y, represents an average value of
y-axis coordinate values of respective non-ground fea-
tures in the first grid to be matched, y, represents an
average value of y-axis coordinate values of respective
non-ground features in a set of grids in the destination
point cloud, 1n which a distance between each of the set
of grids and the first grid to be matched 1s smaller than
the fourth preset threshold, h, represents an average
height of respective ground features 1n the first grid to
be matched in the source point cloud, h, represents an
average height of respective ground features 1n a set of
orids 1n the target point cloud, in which a distance
between each of the set of grids and the first grid to be
matched 1s smaller than the fourth preset threshold, and
Ax . . Ay, and Ah,  represent preset values; and

when the first grid to be registered comprises the ground
feature and the non-ground {feature, calculating the
matching degree by a formula of:

S 5 =Sy+S; (3).

10. The method of claim 7, wherein the registered result
comprises: a displacement to be moved; and matching the
first grid to be matched with the second grid to be matched
COmMprises:
calculating a relative position between the second grid to
be matched and the first grid to be matched; and

calculating the displacement to be moved of the source
point cloud according to the relative position, a match-
ing degree corresponding to the second grid to be
matched and a residual error equation.
11. An apparatus for point cloud registration, comprising:
ONne Or More processors;
a memory storing instructions executable by the one or
MOre Processors;

wherein the one or more processors are configured to:

segment a source point cloud to different categories of
attribute features based on semantic, and segment a
destination point cloud into different categories of the
attribute features based on semantic, the attribute fea-
tures comprising a ground feature and a non-ground
feature;

segment the source point cloud and the destination point

cloud nto a plurality of grids based on the attribute
features:

calculate a current similarity between the source point

cloud and the destination point cloud based on the
plurality of grnids;

determine whether the current similanty and a current

iterative number satisiy a preset condition; and
perform a registration on the source point cloud and the
destination point cloud to obtain a registered result
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when the determining module determines that the cur-
rent stmilarity and the current iterative number satisty
the preset condition; and

based on the registered result, adjust a position of the

source point cloud, update the current iterative number,
and calculate an updated similarity between the desti-
nation point cloud and the source point cloud after
adjusting the position.

12. The apparatus of claim 11, wherein the one or more
processors are configured to compare the current similarity
with a first preset threshold, and to compare the current
iterative number with a second preset threshold; and to
compare the current similarity with a previously calculated
similarity when the current similarity 1s smaller than or
equal to the first threshold, and the current iterative number
1s smaller than the second threshold; and

the preset condition comprises:

the current similarity being greater than the previously

calculated similarity.

13. The apparatus of claim 12, wherein the one or more
processors are configured to set back the position of the
source point cloud when the determining module determines
that the current similarity 1s smaller than or equal to the
previously calculated similarity, and

the one or more processors are configured to register the

source point cloud and the destination point cloud after
the rollback module sets back the position of the source
point cloud.

14. The apparatus of claim 12, wherein the one or more
processors are configured to decrease a grid size of each of
the plurality of grids according to a preset convergence step
size when the determining module determines that the
current similarity 1s greater than the first threshold, or that
the current iterative number 1s greater than or equal to the
second threshold;

the one or more processors are further configured to

determine whether the grnid size decreased 1s greater
than a third preset threshold after the grid size process-
ing module decreases the grid size of each of the
plurality of grids according to the preset convergence
step size; and

the one or more processors are further configured to, after

the grid size processing module determines the grnid
s1ize decreased 1s greater than the third preset threshold,
based on the gnd size decreased, segment the source
point cloud and the destination point cloud into a
plurality of grids according to the attribute features.

15. The apparatus of claim 11, wherein the one or more
processors are configured to calculate the current similarity
between the source point cloud and the destination point
cloud based on the attribute features of the plurality of grids.

16. The apparatus of claim 15, wherein the one or more
processors are configured to: for each grid in the source
point cloud, select a grid closest the grid in the source point
cloud from the destination point cloud; and calculate the
current similarity between the source point cloud and the
destination point cloud according to an attribute feature of
cach grid in the source point cloud.

17. The apparatus of claim 11, wherein the one or more
processors are further configured to:

select a first grid to be matched from the source point

cloud based on the attribute features;

determine a second grid to be matched from the destina-

tion point cloud according to an attribute feature of the
first grid to be matched; and

match the first grid to be matched with the second grid to

be matched.
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18. A non-transitory computer readable medium having a
computer program stored thereon, wherein a method for
point cloud registration 1s 1mplemented when being
executed by the computer program, and the method com-
Prises: 5

segmenting a source point cloud into different categories

of attribute features based on semantic, and segmenting

a destination point cloud into different categories of the
attribute features based on semantic, the attribute fea-
tures comprising a ground feature and a non-ground 10
feature:

segmenting the source point cloud and the destination

pomnt cloud mto a plurality of grids based on the
attribute features:

calculating a current similarity between the source point 15

cloud and the destination point cloud based on the
plurality of grnids;

determining whether the current similarity and a current

iterative number satisiy a preset condition;

in response to determining that the current similarity and 20

the current iterative number satisfy the preset condi-
tion, performing a registration on the source point
cloud and the destination point cloud to obtain a
registered result; and

based on the registered result, adjusting a position of the 25

source point cloud, updating the current iterative num-
ber, and calculating an updated similarity between the
destination point cloud and the source point cloud after
adjusting the position.

% x *H % o 30
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